Introduction
As increasing integration density of memory device, improvement of etching resistance of micro resist pattern has been recognized as one important problem. Generally, in order to enhance the etching resistance of resist material, electron beam (EB) irradiation has been accomplished effectively. Meanwhile, by the development of atomic force microscope (AFM), analytical precision of surface nature and its application range were improved substantially. [ 1 ] In this regard, Matthewson reported the adhesion property of thin film on substrate analyzed by micro sphere indentation. [2] Authors have already analyzed the thermal hardening mechanism by using a micro cantilever tip. [3] In this paper, the resist hardening by the EB irradiation is quantitatively detected and analyzed with micro cantilever tip.
Experiment
A KrF chemically amplified positive resist with labile blocking groups and photoacid generators were used. The blocking group was tent-butoxy carbonyl (t-BOC). The resist film of 673 nm in thickness was coated onto the Si(100) wafers by spinning method. Pre-baking was accomplished at 100 °C for 90 sec. Subsequently, the resist film was irradiated by the EB exposure system (HL-750D by HITACHI). The acceleration voltage and dose of electron beam were 5 0 kV and 7.0 p C/cm2, respectively. After EB irradiation, the resist film was heated at 110 °C for 90 sec on a hot plate.
An AFM integrated with a gold-covered Si3N4 cantilever tip was used for the indentation investigation. The radius of the tip apex curvature and the spring constant k~ of the cantilever were 8 nm and 57 N/m, respectively. The tip shape was tetrahedron and its apex angle was approximately 3 5 degrees. Prior to the indentation experiment, the resist surface was imaged in the non-contact mode of the AFM. Subsequently, the tip was indented to the resist surface. Neither the AFM tip nor the silicon substrate appeared to be damaged as a result of the indentation procedure. As shown in Fig.l , the resist and the Si surfaces were made to contact with the cantilever tip during the indentation measurement. The indenting force can be estimated by multiplying the cantilever deflection with spring constant kC. The cantilever deflection can be measured by the laser reflection system. [4] The indentation investigations were carried out in a dry atmosphere (23°C, 4%RH).
The refractive index of the resist film is measured by using the UV spectrometer (UV-550, JASCO) based on optical multi-reflection. Figure 2 shows the AFM images of resist surface before and after the EB irradiation. By the EB irradiation, it is clear that surface roughness of resist film increases slightly. It seems that the of resist film by the EB irradiation is Figure 3 shows the wavelength dependency of refractive index n of the resist films. It is clearly observed that refractive index increases slightly by the EB irradiation. Generally, based on ClausiusMossotti equation, refractive index n can be expressed as functions of polarizability a of molecular dipole and its number per unit volume N, as follows. [5] 2 Na n =E=e o + 1 (1) 1-Na 3~0
Results and Discussion
When the amount of a is constant (no change of molecular structure), refractive index n increases with the number of dipole N, that is, condensation of resist material. In this way, condensation of resist film by the EB irradiation can be confirmed. Figure 4 shows the indentation curves of the AFM tip into the resist and the Si surfaces. It is clearly observed the distinct difference of the curve slope among them. The curve slope of the resist film without EB irradiation is relatively small. On the other hand, the curve slope with the EB irradiation is mostly same to that of the Si substrate, which corresponds to the spring constant lc~.
In this case, elastic property can be analyzed based on the double spring model as shown in Fig.l . The total spring constant ktotai of the double spring model can be expressed as follows, "
_ "c"s total -(2) k C + ks where a symbol ks is defined as the spring constant of the sample. The curve slope in Fig.4 corresponds to the kto value. In the case of ks >> kc, the ktota, value is k~, which means hardening of the resist film by the EB irradiation. On the other hand, in the case of ks kc, ktot~ value decreases, which means resist film without the EB irradiation. In this way, condensation property of resist film can be analyzed by the tip indentation method.
Conclusion
The hardened layer of resist film by the EB irradiation can be detected by the indentation method with the AFM tip. Based on the double spring model, indentation mechanism can be analyzed. Acknowledgement This work was partially supported by the Grant-in-Aid for Scientific Research (C) of The Ministry of Education, Science, Sports and Culture. 
